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Prepation of chitosan/Carbopol complex as a controlled

release matrix

Abstract

The swellable matrix tablet using chitosan/Carbopuéerpolymer complex
(IPC) was prepared for controlling the release ofdraig. Carbopol 971 was
dissolved in distilled water and chitosan was dis=b in acetic acid, and then
Carbopol solution and chitosan solution were mixediether. The resulting
precipitate (chitosan/Carbopol IPC) was obtainecridis molecular weights of
chitosan were used to prepare the complex. The diom of the complex
through ionic interaction between Carbopol 971 ardtosan was investigated
by monitoring the transmittance of the solution atwavelength of 600 nm.
Carbopol and chitosan solutions were mixed as atifum of various repeating
unit ratios (chitosan/Carbopol). To prepare swédamatrix tablet, the complex
was ground using a ball mill and sieved through ploge size of 200 um. hE
complex powders were compressed by a hydraulicspvéth a 13-mm die and
flat-faced punches at a compression pressurdl®kN/cm’ with a dwell time
of 1 s. Water uptake ratio of the complex tablets was measwsing USP
dissolution apparatus Il (paddle method) with aatiny speed of 50 rpm at
37°C. Complex formation was confirmed by FT-IR andbtdity. The turbidity
measurement indicated that the ratio of chitosam@sol to form the complex

was 1/4. The extent of swelling was pH dependentd avas greater than
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1300% and 2000% at pH 6.8 and 1.2 medium, resmdgtivihe release profile
of theophylline as a model drug from the tablet weadended to 20 h. The
release rate could not be controlled according he mmolecular weight of
chitosan. The main release mechanisms of compldtettawere diffusional

release in pH 6.8 medium and relaxation of polynmepH 1.2.

Key words

Chitosan; Carbopol; interpolymer complex; extendetbase



1. Introduction

Recently, interpolymer complex (IPC) attracts thettergtions of
pharmaceutical researchers [1], because it hasuendparacteristics due to the
specific interaction between the constituent polsnsuch as hydrogen bond,
electrostatic interaction, van der Waals force &amdirophobic interaction [2].
The approaches usually used in the preparing thé IRcludes: (a) acidic
polymer such as poly(acrylic acid), acting as pmedonating polymer, was
applied to form IPC with nonionic proton-acceptipglymers such as poloxamer
and polysaccharides [3, 4]; (b) polycationic polynseich as chitosan was used
for  preparation of polyelectrolyte  complex with  yahions as
carboxymethylcellulose, alginic acid, pectin, xamhand poly(acrylic acid) [5].
In this study, the latter approach was applied tepare the IPC.

Chitosan [poly(1,43-D-glucopyranosamine)] is an amino polysaccharide
polymer. It is obtained by the extensive deacetytatof chitin. This natural
polysaccharide possesses some favorable propesgies) as non-toxicity, high
biodegradability and biocompatibility [6]. Chitosdms been investigated in oral
drug delivery system like tablet, capsule, buccak,dbeads and film coating
[7, 8]. Especially, it acts as disintegration ag¢8j, tablet binder [9] in tablet.
Despite of these favorable properties and varialdages, chitosan was rarely
used to prepare sustained release oral dosage idtvem separately used, due to
its characteristics like water sorption, capillagction [8] and dissolving in

gastric environment.



Carbopol is a polymer of acrylic acid and slighttyosslinked with allyl
sucrose or allylpentaerythritol. In field of orabshge form, Carbopol is among
the most used excipients for preparing sustainéehse tablet [10]. Because the
characteristics of Carbopol such as readily hydmatiabsorption of water and
swelling to form a gelatinous network or barrieyda in aqueous solution made
the tablet containing Carbopol release a drug imo zer near zero order
profiles. [11, 12]

The IPC formation between chitosan and poly(acryéicid) has been
previously reported [13]. This IPC had charactasst like mucoadhesive
properties and pH dependent swelling and dissohpngperties [6, 7] and had
been previously used for drug delivery like mucasie microsphere [6],
mucoadhesive film [7], nanoparticle [14] and prajed gastric delivery system
[15]. But studies about the application of this @x to pharmaceutical
excipients were not reported.

The purpose of this study is to prepare chitosam@sl IPC powder as
pharmaceutical excipients and make the extendeshsel tablet containing IPC.
The release mechanism of drug from the tablet aunta IPC was also
evaluated. Theophylline was selected as a moded, dsecause it had been used
as a model drug in many other researches to prefjae sustained release
tablet [16-18]. The tablet containing IPC which had swelling property was
expected to extend the release of theophylline. Aintosan with different

molecular weight (low, medium and high Mw) was usied preparing IPC to
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control the release profile of drug.

2. Materials and methods
2.1. Materials
Theophylline anhydrous and Chitosan (low, mediund dnigh Mw) were
purchased from Sigma-Aldrich (St. Louis, MO). Cagrbb 971 was supplied by
BF Goodrich Co. (Cleveland, Ohio, USA). Hydroxymgddellulose (HPMC)
2910 was obtained from Samsung Fine Chemicals (Sd¢orea). All other
chemicals were of reagent grade or above and wesed without further

purification.

2.2. Preparation of chitosan/Carbopol 1PC
Carbopol 1mg/ml aqueous solution and chitosamy/Bl solution in acetic
acid were mixed together. The resulting precipité@arbopol/chitosan IPC) was
obtained, washed with distilled water, and drieddemthe vacuum for 24 h.
The dried complex was ground by the grinder and Iall. The obtained

powder was passed through 20t sieve.

2.3. FT-IR spectroscopy study
Infrared absorption spectra of the chitosan, Cawbopnd their complex
were obtained using a FT-IR spectrophotometer (l-X802, Perkin Elmer). The

samples were pressed into the potassium bromidet pailior to obtaining their
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IR absorption spectra.

2.4. Differential scanning calorimetry (DSC)

Thermal analysis was carried out using a dfféal scanning calorimeter
(DSC 50, Shimadzu Scientific Instruments, MD). Thamples of 5 mg were
placed in an aluminium sealed pan, and heated staaning rate of £C/min
from 40 to 456C. The samples were preheated up to °200n order to

remove residual water.

2.5. Transmittance measurements

The ratio of chitosan/Carbopol in the complexasw investigated by
monitoring the transmittance of solution at a wewgth of 600 nm using a
spectrophotometer (UV-1601, Shimadzu, Japan). €&itoacetic acid solutions
(0.5, 1 and 2 mM) and Carbopol aqueous solutions, (0, 1.5, 2, 2.5, 3, 3.5
and 4 mM) were used. The concentration was cakxdldly dividing the weight
of chitosan and Carbopol by the molecular weighteath monomer unit. Each
of chitosan solution (3ml) was mixed Carbopol dohg (3ml) and shaked
vigorously. Then, it left 10min before measuring tiransmittance as a function

of various mixing ratios (chitosan/Carbopol).

2.6. Preparation of theophylline tablet

Theophylline tablets with the total weight of 2509 nwere compressed

_6_



from the mixture of theophylline and an excipiertt 1al mixing ratio by using
a hydraulic press with 13-mm diameter. The compoas$orce was fixed at 10
kN/cm? with a dwell time of 1 s. Carbopol, chitosan, HPM®10 and three
kinds of chitosan/Carbopol IPC (three different ewnllar weight of chitosan)

were used as the excipients.

2.7. Dissolution test of theophylline from the tablet

Dissolution test was carried out using a dissofutitester (DST 810,
Labfine, Inc., Korea). Theophylline tablets wereagdd on the mash in 900 ml
of the pH 1.2 and pH 6.8 medium at°G7using the USP dissolution apparatus
Il (paddle method) with a paddle rotating at 50 rpfhe samples were
withdrawn at predetermined time intervals and thanalyzed using HPLC
system (Shimadzu Scientific Ins., Japan) at the eleagth of 280nm with the
flow rate of 1.2 ml/min (Mobile phase; 100 mM adetabuffer/acetonitrile =

93/7 VIV%).

2.8. Determination of matrix erosion and water uptake
Matrix erosion and water uptake were evaluagg@dmg tablet containing
high molecular weight chitosan/Carbopol IPC. Théldes were placed in 900
ml of the pH 1.2 and pH 6.8 mediums at°@7using the USP dissolution
apparatus Il (paddle method) with a paddle rotatatg 50 rpm. The tablets

were withdrawn at predetermined time intervals avelghed after removing the
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surface medium with kimwip&s Weighed tablet dried under the vacuum for 24
h. Next, weight of dried tablet was measured. Thatew uptake ratio and
matrix erosion were calculated using follow equadio

Water uptake (%) = (W— Wy) / Wy * 100 (1)

Matrix erosion (%) = (W—- Wy / W, * 100 (2)
Where W is weight of hydrated tablet, yMs weight of dried tablet and \Ws
initial weight of tablet. W was calculated by subtracting the weight of solute

in the absorbed medium from the measured weightt rigter drying.

3. Results and discussions
3.1. Characterization of chitosan/Carbopol 1PC

2-aminoglucose and 2-acetaminoglucose unit veerdirmed by the band at
1655 and 1570 cihin the IR spectrum of chitosan in Fig. 1 [19], bese of
the raw chitosan having a degree of deacetylatibrB%%. The peak at 1715
cm'in the IR spectrum of Carbopol was ascribed to Cs®etching of
carboxylic group. In comparison with chitosan andari®pol IPC showed
significant change in IR spectrum. After forming ngdexes, the band
corresponding to Nk group at 1640 cih was observed [20] and the bands
attributing to the symmetrical and asymmetricaletstning of COO group at
1550 and 1408 cth were also observed [21]. These results indicateat the
chitosan/Carbopol IPC(powder prepared fmecipitating in solution) was formed

by the electrostatic interaction between CO@oup of Carbopol and NH
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group of chitosan. The peak attributing to C=0O tetimg of carboxylic group
was also observed in the chitosan/Carbopol IPC powlecause the carboxylic
acid of Carbopol, which was not dissociated stdémained in the complex.
When complexes were formed with different Mw of toban, no difference of
IR spectra was observed indicating that the samehamesm is associated in
forming complex. So the complex of high Mw chitosand Carbopol IPC was
used in the further characterization experiments.

Fig. 2 shows the DSC thermograms of the chitoS@arbopol and their
complex. The first scan of all samples showed ado#rerm peak between 70
and 116C corresponding to the evaporation of the moistoomtent @ata not
shown. An exothermal peak which is corresponded to ttecomposition
(thermal and oxidative) of chitosan appeared inuado 326C in the second
heating of chitosan [22, 23]. In DSC curve of Cadlp endothermal peaks
which are correlated to the glass transition tewmupee and decomposition
temperature were shown at approximately 135 andQ@8fespectively [24, 25].
While these peaks showed in chitosan or Carbopebpgieared in the DSC
curve of chitosan/Carbopol IPC, new broad peak rato885C was observed.
The thermograms indicated that chitosan/CarbopdC IRhich had different
thermal characteristics compared with raw materialgas obtained by
precipitation in aqueous solution.

The transmittance change of the solution wasasoed as a function of

mixing ratio of chitosan and Carbopol to determitiee composition of IPC

_9_



(Fig. 3). Every chitosan acetic acid solution andrl®®pol aqueous solution was
completely clear. Setting the standard of compariso mixing ratio of 1/1,

when the concentration of chitosan was increased,clmange of transmittance
was observed. Because of saturation of the reacsiten of Carbopol, added
chitosan could not react with Carbopol. This resotlicated that Carbopol was
a rate limiting material in forming an IPC. Whenretlzoncentration of Carbopol
was increased, the transmittance sharply decreagedo mixing ratio of 1/4.

For the reason that the amount of formed an IPCGeas® up to mixing ratio
of 1/4 and then the reaction site of chitosan waturated. After that point,
excess amount of Carbopol could not react withoshim. This clearly indicates
that optimal complexation ratio of chitosan/Carbopeas 1/4. The reason of
that the complexation ratio was not 1/1 but 1/4 wlagree of dissociation. The
measured pH of prepared chitosan acetic acid salutind Carbopol aqueous
solution were 3.4 and 3.9, respectively. And theapKalue of chitosan and
poly(acrylic acid) were 6.5 and 4.7 (Carbopol ispalymer of acrylic acid and
slightly crosslinked, so regard pKa of PAA as pKlaQarbopol) [26]. The ratio

of ionized Carbopol and chitosan calculated frone tHenderson-Hasselbalch
equation (3) were 13.7% and about 100%, respeygtivel

pH = pKa + log[A-]/[HA] 3)

The theoretical ratio of complexation of chitosandaCarbopol was 1/7, but
many other factors like, crosslinking agent of @gdi, degree of deacetylation

of chitosan, ionic strength and steric hindranceldoaffect to form a complex
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in real situation. Therefore, the obtained resdd) was a little different from

theoretical value (1/7).

3.2. In vitro drug release study

The release profiles of theophylline from theedly compressed tablets
containing various excipients in pH 6.8 medium westeown in Fig. 4. During
the dissolution test, every formulation showed #ngl property, except a tablet
containing chitosan. The characteristics of chitossuch as flake shape, fast
water uptake and capillary action induced quickintegration of the chitosan
tablet within 10 minutes. It caused complete dretease within 30 minutes in
pH 6.8 medium. In case of tablet containing HPMGlukle and non-ionizable
excipient, it extended release of theophylline &h Wwith significant burst effect.
The initial burst effect was observed in the tabtsinsisting of chitosan or
HPMC. In the presence of Carbopol, drug was comapleteleased within 12h.
The tablet containing Carbopol showed a zero-omddease profile as reported
in other literature [11, 12]. The main event of ghedissolution tests was an
extended release profile of tablet containing datdCarbopol IPC. The drug
was diffused out of the IPC matrix tablet slowerarthtablet consisting of
chitosan, Carbopol or HPMC. Since chitosan/Carbof®C didn’'t dissolve in
pH 6.8 medium but had a swelling property, drug wastinuously released
out of IPC tablet up to 20 h as expected. It mighve taken some time for

the drug within the matrix to diffuse out throughetgap between the swelled
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IPC particles.

Fig. 5 showed release profiles conducted in pH th&dium. The tablet
with chitosan also showed fast release profile his tmedium. But, the drug
release from chitosan tablet in pH 1.2 medium wasver than that in pH 6.8
medium, otherwise the drug release from other tabigs faster than that in pH
6.8 medium, because chitosan was dissolved in cagdndition and formed a
viscous gel. All tested tablets except chitosanw&tb similar release profiles,
but drug release from IPC tablet was little morestamed compared with
Carbopol and HPMC.

The photographs of theophylline tablet consistirfgIiC during dissolution
test were shown in Fig. 6. From those photogragphsyas observed that IPC
tablet in the pH 6.8 medium maintained the appetgeristrength and contained
drug in the core region after 12h. On the otherdhatablet in the pH 1.2
medium converted to transparent tablet and disapdedrug in the core region
after 8h. And the swelling was faster in pH 1.2 medthan 6.8.

It was anticipated that drug release was controbgdchanging the Mw of
chitosan. Nevertheless, when IPC were formed wifferdnt Mw of chitosan,
little difference was observed in dissolution pedi at pH 1.2 and 6.8
mediums. It was reasoned that, as the content bseim in the IPC was small
(30~40 w/w%) and Mw of chitosan couldn't affect ahe release profiles,

remarkably.
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3.3. Evaluation of drug release mechanism

To determine the release kinetics, the expernatedata was fitted to the
Kosmeyer and Peppas model [27] (Eq. 4) and obtamdehse parameter were
shown in Table 1.

MdM., = kt" 4)

where, M/M.. is the fractional solute release, t is the reletse, k is a
kinetic constant characteristic of the drug/polynsgstem and n is an exponent
which characterizes the mechanism of release of dhg. n=0.5 for Fickian
diffusion (molecular diffusion of the drug due to chemical potential gradient)
or Case |, 0.5<n<1.0 for anomalous diffusion or -fickian release, n=1.0 for
relaxational release (associated with stresses saatgk transition in hydrophilic
glassy polymer) or Case Il release. The releasanpeters were obtained by
fitting up to first 60 % of drug release [27, 28h all analyses the fitting
results were reliable with high correlation coe#fids and release profile of
chitosan tablet couldn’t fit to the equation sinttee drug release was too fast.
The n value of HPMC in pH 6.8 and 1.2 were 0.46&ndb6, respectively. The
release mechanism in pH 6.8 medium couldn’t explsimce n value of below
0.5 wasn't characterized and that in pH 1.2 medwas anomalous diffusion.
This indicates that more than one mechanism mayinvelved. In case of
Carbopol, the n value suggested that relaxatioe#étase occurred in pH 6.8
medium and anomalous diffusion occurred in pH 1.2dim. This can be

explained by the properties of Carbopol which fodmee sticky gel and dissolve
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more readily in high pH and formed a watery gel alightly dissolve in low
pH. Contrary to HPMC and Carbopol which had anommloelease mechanism
in some medium, tablet consisting of chitosan/CpobolPC showed just one
release mechanism according to the pH. The n valuehitosan/Carbopol IPC
were 0.57 and about 0.89 in pH 6.8 and 1.2 medimspectively. The IPC
tablet showed diffusional release mechanism in p@8, @robably due to the
poorly water solubility and great swelling properof IPC in high pH. And
relaxation release mechanism was shown in pH 1.2liume since IPC was
dissolved and tremendously swelled in acidic caoowlit

Although Kosmeyer model had been used to evaludie telease
mechanism, to determine the mechanism more prgciggppas and Sahlin
model [29] (Eg. 5) was introduced.

MdM., = ket + kot™™ (5)

where, M/M., is the fractional solute release, t is the reletwse, k and
korepresent kinetic constants related with diffusiormad relaxational release,
respectively. And m is the purely Fickian diffusieexponent for a device of
any geometry shape. The aspect ratio (8.1) wasule#dd by dividing the
diameter of tablet (13mm) by the thickness (1.61lmjom the aspect ratio,
the Fickian diffusion exponent (0.465) was obtairj@d]. Table 2. showed the
release parameters obtained from Eqg. 5. This resiglb had high correlation
coefficients. It was more precisely confirmed thdfffusional release and

relaxational release were predominant in IPC tahlepH 6.8 and 1.2 medium,
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respectively. And other parameters show similaultewith Table 1.

To confirm the release mechanism by experimestter uptake and erosion
of chitosan/Carbopol IPC 250 mg tablet were testetl the results were
present in Fig. 7. The swelling behavior of IPC leabwas different from the
pH of medium. In pH 6.8 medium the degree of swgllwas about 1300 %
and the hydrated tablet had appropriate hardnetsr & h. However, IPC
matrix didn't erode in pH 6.8 for 8 h. These uniqueharacteristics of
chitosan/Carbopol IPC made drug diffuse out throdbgd gap in 6.8 medium.
The degree of swelling was over 2000 % in pH 1.2diova after 8 h and it
was changed to transparent and weak tablet. Fordrer IPC matrix was
eroded about 25 % for 8 h. The linear drug release IPC was attributed to
synchronization between swelling and erosion ofymer like as reported by

Lee and Peppas [30].

4. Conclusions

Chitosan/Carbopol IPC has a merit for pharmicau excipients in
extended or sustained release matrix systems, duethé characteristics of
Chitosan/Carbopol IPC such as swelling with no ierosin pH 6.8 medium.
The main release mechanisms of complex tablet wdgfasional release in pH
6.8 medium and relaxation of polymer in pH 1.2. Sdjen IPC matrix was
used in controlled drug delivery in specific organch as gastric delivery or

intestinal delivery, our system was convenient tontwml the drug release,
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because just one mechanism was involved.
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Table 1. Parameter estimates derived from the fitting Eb) {0 experimental

data reported by Korsmeyer et al. (1983).

. Release amount
pH 6.8 medium k n b R (%) of last time
HPMC 0.3505 0.4589 -0.0027 0.9997 67

Carbopol 0.1271 0.9146 0.0047 0.9992 46
L. IPC 0.1708 0.5704 -0.0039 0.9999 55
M. IPC 0.1949 0.5671 -0.0026 0.9999 62
H. IPC 0.1889 0.5730 -0.0023 0.9999 62

: Release amount

pH 1.2 medium k n b R (%) of last time
HPMC 0.2222 0.7603 0.0033 0.9997 64
Carbopol 0.2470 0.6767 -0.0005 1.0000 63
L. IPC 0.1563 0.8908 0.0042 0.9995 54
M. IPC 0.1539 0.8698 0.0033 0.9997 52
H. IPC 0.1481 0.9269 0.0037 0.9997 54

_22_



Table 2. Parameter estimates derived from the fitting E2) {0 experimental

data reported by Peppas and Sahlin. (1989).

Release amount (%)

. 2
pH 6.8 medium k k, R of last time
HPMC 0.3273 0.0.49 1.0000 67
Carbopol 0.0161 0.1170 0.9993 46
L. IPC 0.1397 0.0281 0.9993 55
M. IPC 0.1667 0.0282 0.9995 62
H. IPC 0.1601 0.0291 0.9995 62
pH 1.2 medium k ko R Rele;s:aasa:rr:icr):;lt (%)
HPMC 0.1021 0.1233 0.9999 64
Carbopol 0.1505 0.0953 0.9998 63
L. IPC 0.0262 0.1353 0.9996 54
M. IPC 0.0323 0.1256 0.9998 52
H. IPC 0.0096 0.1432 0.9997 54
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